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(c) 2006 WIPO/Univentio 
File 350:Derwent WPIX 1963 -2006/UD=200646 

(c) 2 006 The Thomson Corporation 





17/3, K/2 (Item 2 from file: 350) 

DIALOG (R) File 350:Derwent WPIX 

(c) 2 006 The Thomson Corporation. All rts. reserv. 

0014905071 - Drawing available 
WPI ACC NO: 2005-252849/200526 
XRPX Acc No: N2005-208131 

Query optimization method in personal computer, involves analyzing 
combined predicates and not joining join predicates with local 
predicates when analyzed combined predicates lead to empty result 
Patent Assignee: INT BUSINESS MACHINES CORP (IBMC) 

Inventor: CHEN Y S ; CHI EH D L ; TRAN H T / TSUJI Y K ; ZHANG G 
Patent Family (1 patents, 1 countries) 
Patent Application 

Number Kind Date Number Kind Date Update 

US 20050065926 Al 20050324 US 2003669749 A 20030924 200526 B 

Priority Applications (no., kind, date): US 2003669749 A 20030924 

Patent Details 

Number Kind Lan Pg Dwg Filing Notes 

US 20050065926 Al EN 14 6 



Query optimization method in personal computer, involves analyzing 
combined predicates and not joining join predicates with local 
predicates when analyzed combined predicates lead to empty result 
Inventor: CHEN Y S . . . 



. . . CHI EH D L . . . 



. . . TRAN H T . . . 



. . . TSUJI Y K . . . 



. . . ZHANG G 



Alerting Abstract . . .NOVELTY - The join predicates from a query are 
combined with local predicates from UNION ALL views referred by a 
query and the combined predicates are analyzed. When the combined 
predicates lead to an empty result, the joined predicates are not joined 
with local predicates . ... query optimizing device; andarticle of 
manufacture comprising computer readable medium storing query 
optimization program. . . 

. . .USE - For optimizing query in computer systems such as personal 
computer, mainframe computer and minicomputer for retrieving data. . . 
. . .ADVANTAGE - The query is optimized efficiently since the need to 
evaluate the empty join during runtime is eliminated 



Original Publication Data by Authority 



Original Titles: 

Query transformation for union all view join queries using join 
predicates for pruning and distribution 
Inventor name & address : 
Chen, Yao-Ching S ... 

. . . Chieh, Ding-Wei L ... 



. . . Trail, Huong T . . . 

. . . Tsuji, Yumi K . . . 

. . . Zhang, Guogen 
Original Abstracts: 

A method, apparatus, and article of manufacture for optimizing a query 
in a computer system, wherein the query is performed by the computer 
system to retrieve data from a database stored on the computer system. The 
optimization includes: (a) combining join predicates from a query 
with local predicates from each branch of one or more UNION ALL 
views referenced by the query; (b) analyzing the combined predicates; and 
(c) not generating the join. . . 
Claims: 

What is claimed is: b 1 /b . A method of optimizing a query in a 
computer system, the query being performed by the computer system to 
retrieve data from a database stored on the computer system, the method 
comprising: (a) combining join predicates from a query with local 
predicates from each branch of one or more UNION ALL views 
referenced by the query; (b) analyzing the combined predicates; and(c) not 
generating the join. . . 



17/3, K/3 (Item 3 from file: 350) \§Jl^ 

DIALOG (R) File 350:Derwent WPIX 4 
(c) 2006 The Thomson Corporation. All rts . reserv. 

0014803780 - Drawing available 
WPI ACC NO: 2005-151466/200516 
XRPX Acc No: N2005-127790 

Query optimization method in computer system, involves maintaining 
group by clause with grouping sets and rollup/cube operations, in original 
form after query rewrite, during query compilation and translating 
maintained clause 

Patent Assignee: INT BUSINESS MACHINES CORP (IBMC) 

Inventor: CHEN Y S ; HU J; LIN F; WANG Y; YUKI G M; ZHANG G 

Patent Family (1 patents, 1 countries) 

Patent Application 

Number Kind Date Number Kind Date Update 

US 20050027690 Al 20050203 US 2003629459 A 20030729 200516 B 

Priority Applications (no., kind, date): US 2003629459 A 20030729 

Patent Details 

Number Kind Lan Pg Dwg Filing Notes 

US 20050027690 Al EN 17 6 

Query optimization method in computer system, involves maintaining 
group by clause with grouping sets and rollup/cube. . . 
Inventor: CHEN Y S . . . 

. . . ZHANG G 

Alerting Abstract ... query optimizing device; and article of 
manufacture comprising computer readable medium storing query 
optimization program. . . 

...USE - For optimizing queries such as structured query language 
(SQL) query in relational database management system, using computer 
systems such as mainframe computer, minicomputer and personal... 

. . .ADVANTAGE - The query is optimized efficiently within minimum time 
by reducing the generation number of workfiles during optimization 

Original Publication Data by Authority 



Inventor name & address: 
Zhang, Guogen . . . 

. . . Chen, Yao-Ching S 
Original Abstracts: 

A method, apparatus, and article of manufacture for optimizing a query 
in a computer system. During compilation of the query , a GROUP BY clause 
with one or more GROUPING SETS, ROLLUP or CUBE operations is... 

...an input to a grouping set on a next one of the levels. Finally, a 
UNION ALL operation is performed on the grouping sets. 
Claims : 

What is claimed is: b 1 /b . A method of optimizing a query in a 
computer system, the query being performed by the computer system to 
retrieve data from a database stored on the... 



17/3, K/4 (Item 4 from file: 350) 

DIALOG (R) File 350:Derwent WPIX 

(c) 2006 The Thomson Corporation. All rts. reserv. 

0014328926 - Drawing available 
WPI ACC NO: 2004-516682/200449 
XRPX Acc No: N2004-409424 

Query optimizing method in computer system, involves rewriting query 
based on matched grouping of materialized view with grouping of query 
performed by computer system, using column equivalence and functional 
dependency 

Patent Assignee: INT BUSINESS MACHINES CORP (IBMC) 
Inventor: LI R; LIU L H; WANG Y; ZHANG G 
Patent Family (1 patents, 1 countries) 
Patent Application 

Number Kind Date Number Kind Date Update 

US 20040122814 Al 20040624 US 2002322977 A 20021218 200449 B 

Priority Applications (no., kind, date): US 2002322977 A 20021218 

Patent Details 

Number Kind Lan Pg Dwg Filing Notes 

US 20040122814 Al EN 19 4 

Query optimizing method in computer system, involves rewriting query 
based on matched grouping of materialized view with grouping of query 
performed by computer system. . . 
. . .Inventor: ZHANG G 

Alerting Abstract . . . query optimizing apparatus; and article of 
manufacture comprising computer readable medium storing query optimizing 
program. . . 

...USE - For optimizing query in computer system e.g. personal computer 
(PC), mainframe and minicomputer... 

. . .ADVANTAGE - Efficiently optimizes the query in computer system, by 
simple technique 

Original Publication Data by Authority 

Inventor name & address: 

Zhang, Guogen . . . 
Original Abstracts : 

A method, apparatus, and article of manufacture for optimizing a query 
in a computer system, wherein the query is performed by the computer 
system to retrieve data from a database stored on the... 
Claims : 

What is claimed is: b 1 /b . A method of optimizing a query in a 
computer system, the query being performed by the computer system to 
retrieve data from a database stored on the... 



17/3, K/5 (Item 5 from file: 350) 

DIALOG (R) File 350:Derwent WPIX 

(c) 2006 The Thomson Corporation. All rts . reserv. 

0013351910 - Drawing available 
WPI ACC NO: 2003-439775/200341 
XRPX Acc No: N2003-350964 

Database query processing method for relational database management system, 
involves applying set operator on two intermediate result tables obtained 
by performing query operation on each input table separately 

Patent Assignee: INT BUSINESS MACHINES CORP (IBMC) 

Inventor: CHEN Y C S ; STEPHEN CHEN Y C; TSUJI Y K ; WANG Y; ZHANG G 
Patent Family (2 patents, 1 countries) 
Patent Application 

Number Kind Date Number Kind Date Update 

US 20030055814 Al 20030320 US 2001896453 A 20010629 200341 B 
US 6792420 B2 20040914 US 2001896453 A 20010629 200460 E 

Priority Applications (no., kind, date): US 2001896453 A 20010629 

Patent Details 

Number Kind Lan Pg Dwg Filing Notes 

US 20030055814 Al EN 15 6 

Inventor: CHEN Y C S ... 
. . . TSUJI Y K . . . 

. . . ZHANG G 

Original Publication Data by Authority 



Original Titles : 

Method, system, and program for optimizing the processing of queries 
involving set operators... 

...Method, system, and program for optimizing the processing of queries 
involving set operators 
Inventor name & address: 
Chen, Yao Ching Stephen . . . 

. . . Tsuji, Yumi Kimura . . . 

. . . Zhang, Guogen . . . 

. . . Tsu j i , Yumi Kimura . . . 
. . . Zhang , Guogen 
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17/3, K/6 (Item 6 from file: 350) 

DIALOG (R) File 350:Derwent WPIX 

(c) 2006 The Thomson Corporation. All rts. reserv. 

0012823209 - Drawing available 
WPI ACC NO: 2002-680899/200273 
XRPX Acc No: N2002-537390 

Query optimization method for relational database management system, 
involves dividing overall access path selection into smaller access path 
selections that are processed separately by join enumerator 
Patent Assignee: INT BUSINESS MACHINES CORP (IBMC) 
Inventor: CHEN Y S ; LIN F; MUKAI J; TIE H; WANG Y 
Patent Family (1 patents, 1 countries) 
Patent Application 

Number Kind Date Number Kind Date Update 

US 6421663 Bl 20020716 US 1999332600 A 19990614 200273 B 

Priority Applications (no., kind, date): US 1999332600 A 19990614 

Patent Details 

Number Kind Lan Pg Dwg Filing Notes 

US 6421663 Bl EN 14 8 

Query optimization method for relational database management system, 
involves dividing overall access path selection into smaller access. . . 
Inventor: CHEN Y S . . . 

Alerting Abstract . . . Query optimization apparatus; and Article of 
manufacture comprising recorded medium storing query optimization 
program. . . 

...USE - For optimizing query for relational database management system 
of computer system. . . 

. . .ADVANTAGE - Optimizes joined table expressions and complex join 
operations of the query effectively using access path selections 

Original Publication Data by Authority 

Inventor name & address: 

Chen, Yao-Ching Stephen . . . 
Original Abstracts : 

. . .article of manufacture for analyzing a query and extending an access 
path selection for the query , in order to optimize joined table 
expressions and complex join operations in the query . The extension of 
the access path selection occurs in two phases: (1) an access path... 

...and complex join operators, wherein the join enumerator can be 
continuously enhanced as more powerful query optimization techniques 
become available. 
Claims : 

A method of optimizing a query in a relational database management 
system, comprising: (a) dividing the query into separate portions in... 



17/3, K/7 (Item 7 from file: 350) 

DIALOG (R) File 350:Derwent WPIX 

(c) 2006 The Thomson Corporation. All rts. reserv. 

0012656898 - Drawing available 
WPI ACC NO: 2002-506609/ 
XRPX Acc No: N2002-400785 

Query optimization method for relational database management system, 
involves transforming joined table expressions by simplifying joins, when 
non-null predicate references null -supplying side of joined table 
expression 

Patent Assignee: INT BUSINESS MACHINES CORP (IBMC) 
Inventor: CHEN Y S ; LIN F; MUKAI J; TIE H; WANG Y 
Patent Family (1 patents, 1 countries) 
Patent Application 

Number Kind Date Number Kind Date Update 

US 6385603 Bl 20020507 US 1999332544 A 19990614 200254 B 

Priority Applications (no., kind, date): US 1999332544 A 19990614 

Patent Details 

Number Kind Lan Pg Dwg Filing Notes 

US 6385603 Bl EN 13 4 

Query optimization method for relational database management system, 
involves transforming joined table expressions by simplifying joins, when 

■ • • 

Inventor: CHEN Y S . . . 

Alerting Abstract DESCRIPTION - An INDEPENDENT CLAIM is included for 
query optimization apparatus... 

. . .ADVANTAGE - Optimizes joined table expressions and complex join 
operations by query transformations... 

...DESCRIPTION OF DRAWINGS - The figure shows a flowchart explaining the 
SQL queries optimizing method. 

Original Publication Data by Authority 
Original Titles: 

Joined table expression optimization by query transformation. 
Inventor name & address: 

Chen, Yao-Ching Stephen . . . 
Original Abstracts : 

A query optimizer analyzes a query and triggers a sequence of 
transformations to achieve optimal performance for joined table 
expressions. The... 
Claims : 

A method of optimizing a query in a relational database management 
system, comprising: (a) analyzing the query to determine whether it... 



17/3, K/10 (Item 10 from file: 348) 

DIALOG (R) File 34 8: EUROPEAN PATENTS 

(c) 2006 European Patent Office. All rts . reserv. 

01751357 

ANNOTATED AUTOMATON ENCODING OF XML SCHEMA FOR HIGH PERFORMANCE SCHEMA 
VALIDATION 

KODIERUNG VON XML-SCHEMATA IN ANNOTIERTE AUTOMATEN FUR 

HOCHLE I S TUNGS SCHEMAVALID IERUNG 
CODAGE DE SCHEMA XML PAR AUTOMATE AVEC ANNOTATIONS PERMETTANT UNE 

VALIDATION DE SCHEMA HAUTEMENT PERFORMANTE 

PATENT ASSIGNEE: 

International Business Machines Corporation, (200120), New Orchard Road, 
Armonk, N.Y. 10504, (US), (Applicant designated States: all) 
INVENTOR: 

FUH, You-Chin, 1140 Queen Anne Drive, San Jose, CA 95129, (US) 
WANG, Ning, 5623 Verano Place, Irvine, CA 92612, (US) 
WANG, Yun, 20758 Maureen Way, Saratoga, CA 95070, (US) 
ZHANG , Guogen , 5614 Calmor Ave No 4, San Jose, CA 95123, (US) 
LEGAL REPRESENTATIVE: 

Williams, Julian David (75461), IBM United Kingdom Limited Intellectual 
Property Department Mail Point 110 Hursley Park Winchester, , 
Hampshire S021 2JN, (GB) 3 
PATENT (CC, No, Kind, Date) : EP 1573519 A2 050914* (Basic) 

WO 2004036417 040429 • 
APPLICATION (CC, No, Date) : EP 2003758311 031011; WO 2003GB4434 031011 
PRIORITY (CC, No, DatelAjS 418673 P 021015/ US 418658 030416 
DESIGNATED STATES: AT; BG; CH; CY; CZ; DE; DK; EE; ES; FI; FR; GB; GR; 

HU; IE; IT; LI; LU; MC; NL; PT; RO; SE; SI; SK; TR 
EXTENDED DESIGNATED STATES: AL; LT; LV; MK 
INTERNATIONAL PATENT CLASS (V7): G06F-009/40 
NOTE: 

No A-document published by EPO 
LANGUAGE ( Publication, Procedural, Application) : English; English; English 

INVENTOR: 
... US) 

ZHANG , Guogen , 
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File 350:Derwent WPIX 1 963-2006/UD=200 64 6 
(c) 2006 The Thomson Corporation 

File 347:JAPIO Dec 1 97 6-2005/Dec (Updated 060404) 
(c) 2006 JPO & JAPIO 




6/3, K/6 (Item 6 from file: 350) 

DIALOG (R) File 350:Derwent WPIX 

(c) 2006 The Thomson Corporation. All rts. reserv. 



0014905071 - Drawing available 
WPI ACC NO: 2005-252849/200526 
XRPX Acc No: N2005-208131 

Query optimization method in personal computer, involves analyzing combined 
predicates and not joining join predicates with local predicates when 
analyzed combined predicates lead to empty result 

Patent Assignee: INT BUSINESS MACHINES CORP (IBMC) 
Inventor: CHEN Y S; CHIEH D L; TRAN H T; TSUJI Y K; ZHANG G 
Patent Family (1 patents, 1 countries) 
Patent Application 

Number Kind Date Number Kind Date Update 

US 20050065926 Al 20050324 US 2003669749 A 20030924 200526 B 

Priority Applications (no., kind, date): US 2003669749 A 20030924 
Patent Details 

Number Kind Lan Pg Dwg Filing Notes 

US 20050065926 Al EN 14 6 

Query optimization method in personal computer, involves analyzing combined 
predicates and not joining join predicates with local predicates when 
analyzed combined predicates lead to empty result 

...NOVELTY - The join predicates from a query are combined with 
local predicates from UNION ALL views referred by a query and the 
combined predicates are analyzed. When the combined predicates lead... 

Original Publication Data by Authority 



Original Titles: 

Query transformation for union all view join queries using join 
predicates for pruning and distribution 
Original Abstracts: 

...retrieve data from a database stored on the computer system. The 
optimization includes: (a) combining join predicates from a query with 
local predicates from each branch of one or more UNION ALL views 
referenced by the query; (b) analyzing the combined predicates; and (c) not 
generating the join. . . 
Claims : 

...retrieve data from a database stored on the computer system, the method 
comprising: (a) combining join predicates from a query with local 
predicates from each branch of one or more UNION ALL views 
referenced by the query; (b) analyzing the combined predicates; and(c) not 
generating the join... 



6/3, K/ 9 (Item 9 from file: 350) 

DIALOG (R) File 350:Derwent WPIX 

(c) 2006 The Thomson Corporation. All rts. reserv. 

0013214759 - Drawing available 
WPI ACC NO: 2003-299328/ 
XRPX Acc No: N2003-238107 

Query processing method for ad-hoc analysis and data mining applications, 
involves inserting child group by operators to union nodes of query tree so 
as to summarize separate database tables in parallel 

Patent Assignee: SYBASE INC (SYBA-N) 
Inventor: KIRK S A; LI X; MACNICOL R D 
Patent Family (2 patents, 1 countries) 
Patent Application 

Number Kind Date Number Kind Date Update 

US 20020198872 Al 20021226 US 2001300234 P 20010621 200329 B 

US 200268253 A 20020204 

US 6691101 B2 20040210 US 200268253 A 20020204 200413 E 

Priority Applications (no., kind, date): US 2001300234 P 20010621; US 
200268253 A 20020204 

Patent Details 

Number Kind Lan Pg Dwg Filing Notes 

US 20020198872 Al EN 30 6 Related to Provisional US 2001300234 
Original Publication Data by Authority 



Original Titles : 

Database system providing optimization of group by operator over a union 
all 



...Database system providing optimization of group by operator over a 
union all 
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(c) 2006 European Patent Office. All rts . reserv. 



01360830 

Relation interval tree 

Baum zum Indizieren von Zeitabstanden fur relationale Datenbanken 

Arbre d' indexation d ' intervalles dans des bases de donnees relationnelles 

PATENT ASSIGNEE: 

Seidl, Thomas, Dr., (3038810), Jagerstrasse 11, 82008 Unterhaching, (DE) , 

(Applicant designated States: all) 
Potke, Marco, (3038840), Herzogstandstrasse 1, 81541 Munchen, (DE) , 

(Applicant designated States: all) 
Kriegel, Hans-Peter, Prof. Dr., (3038850), Nurnberger Strasse 21, 86399 

Bobingen, (DE) , (Applicant designated States: all) 

INVENTOR : 

Seidl, Thomas, Dr., Jagerstrasse 11, 82008 Unterhaching, (DE) 
Potke, Marco, Herzogstandstrasse 1, 81541 Munchen, (DE) 
Kriegel, Hans-Peter, Prof. Dr., Nurnberger Strasse 21, 86399 Bobingen, 
(DE) 

PATENT (CC, No, Kind, Date) : EP 1160682 Al 011205 (Basic) 
APPLICATION (CC, No, Date) : EP 2000112031 000602; 

DESIGNATED STATES: AT; BE; CH; CY; DE; DK; ES; FI; FR; GB; GR; IE; IT; LI; 

LU; MC; NL; PT; SE 
EXTENDED DESIGNATED STATES: AL; LT; LV; MK; RO; SI 
INTERNATIONAL PATENT CLASS (V7) : G06F-017/30 
ABSTRACT WORD COUNT: 184 
NOTE: 

Figure number on first page: NONE 

LANGUAGE ( Publication , Procedural , Application) : English; English; English 
FULLTEXT AVAILABILITY: 

Available Text Language Update Word Count 

CLAIMS A (English) 200149 329 

SPEC A (English) 200149 8920 

Total word count - document A 924 9 

Total word count - document B 0 

Total word count - documents A + B 924 9 



...SPECIFICATION integrating the RI-Tree with the declarative SQL level as 
well as with the relational query optimizer . 

Technically, the Rl-tree manages intervals by two relational indexes. 
For storing n intervals, O. . . split the complex OR-query into a set of 
three simpler queries connected by a UNION ALL operator. The 
subqueries concerning leftNodes and rightNodes are efficiently supported 
by the respective indexes upperlndex. . . 
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... 1994; C. M. Chen and N. Roussopoulos , "The implementation and 
performance evaluation of the ADMS query optimizer : Integrating query 
result caching and matching", In Proc . 

EDBT, 1994; S. Chaudhuri , R. Krishnamurthy , S . . . and aggregation, in the 
presence of multiset tables. In addition to its obvious potential in 
query optimization , this problem is important in many applications, 
such as data warehousing, very large transaction recording ... 1990 would 
have to access the Calls table, and the rewritten query Q; . 

involves a UNION ALL . 

Q; : SELECT Year, Plan-Name, SUM (Earnings) 
FROM VI Calling Plans 
WHERE VI Plan. Id. . . 
. . .Plan. Id 

AND Year. :@1995 

GROUPBY Year, Plan-Name 

HAVING SUM (Earnings) > 1, 000, 000 

UNION ALL 
SELECT Year, Plan-Name, SUM (Charge) 
FROM Calls, Calling 
Plans 

WHERE Calls . Plan-Id = Calling... Q can be a single-block query, or a 
multi-block query that is a UNION ALL of single-block queries. For 
view V to be usable in answering query Q such. . . 



. . .either be single-block queries (described below) or union multi-block 
queries that are the UNION ALL (i.e., additive multiset union) of 
single-block queries. A view is defined by a... query, whereas rewriting 
Q; in the same example is a multiblock query that is a UNION ALL of 
single-block queries. 

Rewriting of a Query 

A query Q is a rewriting of . . . 

. . .V is usable in evaluating a given query Q - the rewritten query can be 
the UNION ALL of Q itself and a single -block query in which V occurs 
in the FROM. . .be a single -block query, but 

can be a multi -block query that is a UNION ALL of single -block 
queries , 

additional usage of views in evaluating queries are possible. 

The conditions ... that satisfied condition C 1 302 query Q can 

always be ref on-nulated as a UNION ALL of 2 single -block queries Qa 

and Qb, that differ from Q (and from each. . . 

...whether view V can be used to evaluate Qa. The reformulation of Q as the 
UNION ALL Of Qa and Qb, however, does not always preserve the 
semantics of Q. To preserve... 

...the multi-block query Q that is the rewriting of Q using V is the UNION 
ALL of Q' a and Qb. Else Q is the same as Q', . 



Theorem 3.2... 
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Detailed Description 

Claims 

Detailed Description 

which is selected by the decomposer 74A based on the access strategy 
chosen by the query optimizer portion 76B of the DBMS 76. 

Those skilled in the art will appreciate that information. . .produced. 

OBJECT SEARCH 

OPERATION OPTIONS NAME ID PARENT ID COLUMNS 



SELECT 0 
STATEMENT 

KSR PARALLEL UNION ALL EMP I 0 20 
EXECUTION 

TABLE ACCESS FULL EMP ...partitions, 

(2) Submitting subqueries to the DBMS and executing them in parallel, 

(3) Avoiding excessive query optimization overhead for the multiple 
subqueries, (4) Producing correctly-optimized access plans for the 
multiple subqueries... 

...should be consistent with ORACLE'S version 7.0 language for passing 
directives to the query optimizer . 

It may also be possible for us to automate the choice of partitioning 
table. This... but not exhaustive set of queries. 



We assume the use of the ORACLE 7.0 query optimizer , but may not have 



captured its exact behavior. Many of the same results could be... 
aim 

usage, table cardinalities, predicate selectivity, and join order and 
method must be obtained from the query optimizer to make decisions 
about decomposition strategy, such as choice of a partitioning table. 
Semantic information. . .the parsed query, or obtaining a parse tree with 
already-bound semantic information from the query optimizer , and 
translating that to our standardized Aform) . It also permits us to expand 
our repertoire. . . 

.gatheringlanalyzing phase of query decomposition, and are the mechanism 
used for gathering information from the query optimizer and the data 
dictionary. This suggests that gatheringlanalyzing rules can be divided 
into two classes... 

.of the query. Probing queries also fall into two groups: those which 
gather information on query optimizer strategy and associated 
cardinality and selectivity estimates; and those which gather semantic 
information about obj ects . . . that query. This entire category of queries 
could be replaced by a call to the query optimizer to return a parse 
tree for the original query, to which the necessary semantic information 

» * * 

.in some cases to establish cross-references between the 

semantically-augmented parse tree and the query optimizer plan. These 
could be needed, for example, to determine which index name in the 
optimizer. . .query. In the simplest case, a single combining function is 
used to produce the logical " union all " of the separate parallel 
streams. More complex cases can involve multiple functions or queries 
working. . .where other pnode types can easily enough place results 
directly in the caller's buffer. 
Union - All 

A union - all pnode returns, in arbitrary sequence, the result rows of 
all of its children. It has... 

.sorted in the same collating sequence, into a continuous run of that 
sequence. Like the union - all pnode, it pulls all of its children 
asynchronously, but it must wait for all children. . .diagrams, a I 0 
degree of parallelism of 4 is assumed in all examples. 
Basic Union - All of Parallel Subcursors 

The simplest pnode tree type shown in Figure 36-1 can be ... possible for 
Q6 and Q 1 2) . 

Each time the root requests a row, the union - all pnode returns the 
first 

available row from any of its children, until all children have... 
.2 can be used for queries which 

could otherwise have been handled by a basic union - all tree, but for 
the addition of an order-by clause (e.g. Q7) . The subcursor. . . 

.value. The aggregate pnode returns a single row of final aggregate 
values when its child union - all pnode returns EOD, which happens when 
all of the latter's children have returned EOD... row per distinct 1 5 set 
of group column values per subcursor) . Straightforward cases where union 
- all suffices as a combining fimction would be obvious candidates for a 
combining functions approach. For pnode could masquerade as the root 
pnode in the basic union - all tree (Figure 36 - 1) . This tree 
structure could handle a wide variety of cases, depending... 



. . .be I 0 no point in using a combining query for cases that the basic 
union - all tree could have handled without one) . For example, the 
combining query could contain an ORDER . . .Operator 
A SETOP represents a UNION, INTERSECT, or MINUS set operator. 
Attributes : 

Operator type (UNION, UNION ALL , INTERSECT, or MINUS) . Pointers to 
two operands (QRYs or other SETOPs) . 
QRY: Query 

A QRY. .. Pointer to psubqries . (NOTE: We doubt we need this here, because 
the 

multiplexing pnode types, UNION - ALL and MERGE, contain arrays of 
pointers to psubqries. But if there's any need to. . .boundaries in a 
stream of rows already sorted on GROUP BY columns. 136 
Multiplexing Pnodes - Union - All and Merge 

The union - all and merge pnodes are each able to coordinate the 
retrieval of rows from an arbitrary number of psubqries. They differ in 
that the union - all pnode returns rows in arbitrary order, as they 
become available from different psubqries, while the. . .room for the qd 
row . 2 . 

Contents of QD row: 

Operation KSR PARALLEL EXECUTION Options UNION ALL , MERGE, or 
AGGREGATION ID 1 Object name: name of partitioning table object owner: 
owner of . . . 



Set Items Description 

51 91 JOIN ( ) PREDICAT? 

52 143 UNION () ALL () VIEW??? ? OR UNION () ALL? ? OR UNIONALL ( ) VIEW? ? ? 

» 

53 0 S2 (ION) (LOCAL () PREDICAT?) 

54 0 SI AND S2 

55 1 SI AND LOCAL () PREDICAT? 

56 25 S1:S2 AND QUER??? ? ( 5N) OPTIMIZ? 

57 23 S6 NOT (PY>2003 OR PY=2004 : 2006) 

58 12 RD (unique items) 

59 85696 AU=(CHEN Y? OR CHEN, Y?) 

510 0 AU=(CHIEH D? OR CHIEH, D?) 

511 2659 AU= (TRAN H? OR TRAN, H?) 

512 6724 AU=(TSUJI Y? OR TSUJI , Y?) 

513 22256 AU= (ZHANG G? OR ZHANG, G?) 

514 0 S9 AND Sll AND S12 AND S13 

515 0 S9:S13 AND S1:S2 

516 25 S9:S13 AND QUER??? ?( 5N) OPTIMIZ? 

517 0 S16 AND S1:S2 

518 24 S16 NOT (PY>2003 OR PY=2 004 : 2 0 06 ) 

519 16 RD (unique items) 
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... to define time-consuming functions, which may be used in a query's 
restriction and join predicates . Furthermore, SQL has long supported 
subquery predicates, which may be arbitrarily time-consuming to check. Thus 
restrictions should not be considered zero-time operations, and the model 
of query optimization must be enhanced. The authors develop a theory 

for moving expensive predicates in a query. . . 

... well as results of their implementation in POSTGRES . Their experience 
with the newly enhanced POSTGRES query optimizer demonstrates that 
correctly optimizing queries with expensive predicates often produces 
plans that are orders of magnitude faster than plans generated by a 
traditional query optimizer . The additional complexity of considering 
expensive predicates during optimization is found to be manageably small. 
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... to a number of existing and new problems encountered during the 
overall process of (semantic) query optimization in (distributed) 
database systems. Domain constraints, attribute constraints, and tuple 
constraints are applied to explicitly. . . 

. . . The context of the theory presented is found in the knowledge-based 
approach to semantic query optimization in a distributed environment 
and the explicit representation of query optimization knowledge of 
various sources so that it can be managed (added, deleted, modified) . 
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keyword is repeated, followed by the third table and another ON 
clause for each additional join predicate . Notice the improved 
readability in Example 5, a three-way outer join. 

The ON clause does not preclude the use of the WHERE clause for 
specifying additional local predicates . Remember, though, that the join 
is always performed before applying the WHERE predicates. 

There are. . .can be specified. 

Nested table expressions can improve the readability of a complex 
join. Specifying local predicates within the nested table expression 
makes a three-or-more table join easier to debug. The local predicates 
for the table are declared where the table name is specified. The join 
predicate is specified for each table pair with the ON clause, again where 
the table name . . . 
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shared join columns since such experiments are part of the standard 
repertoire to validate a query optimizer . Again, we will not show the 
results of these experiments here because they only confirmed. . . 

...100 different settings for the cardinality of the base tables and the 
selectivity of the join predicates . These settings were made randomly 
following the approach proposed in Steinbrunn et al . (1997). Using... 
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AUTHOR ABSTRACT: It is striking that the optimization of disjunctive 
queries --i.e., those which contain at least one or-connective in the query 
predicate- -has . . . 

...join operators that produce two output streams: the true-stream with 
tuples satisfying the selection ( join ) predicate and the false-stream 
with tuples not satisfying the corresponding predicate. Splitting the tuple 
streams . . . 
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execution plan very close to the optimal . This heuristic serves as 
an excellent alternative where query size or complexity of the 
optimization algorithm is a concern. 

Our techniques provide optimization algorithms for queries containing 
user-defined selections as well join predicates . In the rest of this 
paper, we use the term user-defined predicate (or expensive... 

. . .generically refer to any user-defined predicate whether it occurs as a 
selection or a join predicate . In contrast, we reserve the term " join 
predicate " to refer to traditional join predicates in queries . 

We implemented the optimization algorithms by extending a System R 
style optimizer. We present worst -case complexity analysis and. . . 
. . .traditional framework and the extensions needed to handle user-defined 
predicates (selections as well as join predicates ) in query 
optimization . In Section 3, we review the System R optimization 
algorithm (Selinger et al . 1979), which is the basis of many commercial 
optimizers. Next, we describe the desired execution space and review past 
work on optimizing queries with user-defined predicates. Sections 4 and 
5 present the two optimization algorithms that f ind. .. THEOREM 6.4 The total 
number of subplans that need to be stored by the optimization algorithm 
with complete rank ordering where a query has user-defined selection 
predicates but no user-defined join predicates is no more than 
(2 . sup . n) ( (1 + w/2) . sup . g) . 

PROOF. We store . . . 

...most (1 + k/2) (2.sup.n). The next theorem presents the complexity of the 
optimization algorithm with complete rank ordering when a query has 
user-defined join predicates as well. 

THEOREM 6 . 5 The total number of subplans that need to be stored by 
the optimization algorithm with complete rank-ordering where a query 
has both user-defined selections and join predicates is no more than 
(2 .sup.n) ( (1 + w) .sup.u) . 

PROOF. The proof is... 
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... the following, we refer to a Boolean factor of the query's where 

clause. A join predicate is one that refers to multiple tables, and a 
selection predicate refers only to a single table. 

2.1.1 Selectivity. Traditional query optimizers compute 
selectivities for both joins and selections. That is, for any predicate p 
(join or . . . 

...et al. 1988; Haas et al. 1995). Accurate selectivity estimation is a 
difficult problem in query optimization , and has generated increasing 
interest in recent years. (1) In Illustra, selectivity estimation for user 

» « • 

...create function command (Illustra 1994). In this article we make the 
standard assumptions of most query optimization algorithms, namely, 
that estimates are accurate and predicates have independent selectivities. 

2.1.2 Differential... 

...system such as Illustra, arbitrary user-defined methods may be 
introduced into both selection and join predicates . These methods can 
be written in a general programming language such as C, or in. . .primary 
join predicates. Merge join, hash join, and index nested-loop join all have 
primary join predicates implicit in their processing. Join 
predicates that are not applicable in processing the join are merely used 
to select from its output, and we refer to these as secondary join 
predicates . Secondary join predicates are essentially no different 
from selection predicates, and we treat them as such. These predicates... 

...pulled up above higher join nodes, just like selection predicates. Note, 
however, that a secondary join predicate must remain above its 
corresponding primary join. Otherwise the secondary join predicate 
would be impossible to evaluate. (3) 

2.2 Optimal Plans for Queries with Expensive Predicates 
At first glance, the task of correctly optimizing queries 
containing expensive predicates appears exceedingly complex. Traditional 
query optimizers already search a plan space that is exponential in the 
number of relations being joined... 

...explore the issue of ordering selections among joins. Since we will 
eventually be applying our optimization to each plan produced by a 
typical join-enumerating query optimizer , our model here is that we are 
given a fixed join plan, and want to. . . 

...the joins. This section develops a polynomial -time algorithm to 
optimally place selections and secondary join predicates in a given 
join plan. In Section 2.5 we show how to efficiently integrate ... among 
joins appears in the next section. 

Table III. Performance of Plans for Example 2 



Optimization Time 



Query Plan 



CPU 



Elapsed 




Without Pred. Mig. 
With Pred. Mig. . . 



0.10 sec 



0.10 sec 



...section we presented the Predicate Migration Algorithm, an algorithm for 
optimally placing selection and secondary join predicates within a plan 
tree. If applied to every possible join plan for a query, the Predicate 
Migration Algorithm is guaranteed to generate a minimum- cost plan for the 
query . 

A traditional query optimizer , however, does not enumerate all 
possible plans for a query ; it does some pruning of the plan space while 
enumerating plans (Selinger et al . 1979... 

...join plan enumeration, it can significantly lower the amounts of space 
and time required to optimize queries with many joins. The pruning in a 
System R-style optimizer is done by a dynamic programming algorithm, 
which builds optimal plans in a bottom-up. . .primary join predicate 
constrained to precede all of S 1 , or a selection or secondary join 
predicate that is unconstrained with respect to all of S ' . Thus parallel 



...as "interesting orders" (Selinger et al . 1979). 

(8) In fact, the pioneering designs in query " optimization " were 
more accurately described by their authors as schemes for "query 
decomposition " (Wong and Youssefi 1976) and "access path selection" 
(Selinger et al . 1979). 

(9) Note that. . . 

...an appropriate approach from a practical standpoint, since it preserves 
the behavior of the optimizer on queries without expensive predicates. 

(13) In this particular query the plan chosen by PullUp took almost 
100 times as long as the optimal plan, although. . . 

. . .poor performance happened because PullUp pulled the costly selection on 
T2 above the costly join predicate . The result of this was that the 
costly join predicate had to be evaluated on all tuples in the 
Cartesian product of T4 and the subtree... 



